We have developed defined genetic lines of the hydroid Hydractinia symbiolongicarpus and confirmed earlier results showing that allorecognition is controlled by a single chromosomal region within these lines. In a large backcross population, we detected recombinants that display a fusibility phenotype distinct from typical fusion and rejection. We show that this transitory fusion phenotype segregates in a fashion expected of a single Mendelian trait, establishing that the chromosomal interval contains at least two genes that interact to determine fusibility. Using bulked segregant analysis, we have identified amplified fragment length polymorphisms (AFLP) cosegregating with fusibility, used these markers to independently confirm linkage of the two loci, and constructed a 3.4-cM map of an invertebrate histocompatibility complex.
T HE hydroid Hydractinia has a long been a favored quently applied a conventional incross/intercross/backcross analysis. Within these defined genetic lines, Hymodel in efforts to understand invertebrate allorecognition (von Hauenschild 1954 (von Hauenschild , 1956 Mü ller 1964;  dractinia allorecognition segregated as a one-locus trait with codominant expression of alleles, such that two Buss et al. 1984; Mü ller et al. 1987; Lange et al. 1989 Lange et al. , 1992 Buss and Grosberg 1990; Shenk and Buss 1991;  colonies fuse if they share at least one allele. Grosberg et al. 1996; Mokady and Buss 1996) . Colonies, We here report the further development of these inwhich often encrust the shells of hermit crabs, grow by bred and congenic lines and confirm, with an expanded elongation and branching of stolons. When two or more population, that segregation of fusibility follows singlelarvae recruit to the same substratum, stolons of differlocus codominant Mendelian expectations. A fusibility ent colonies may eventually come into contact. Close phenotype first observed by von Hauenschild (1954, proximity of an approaching stolon induces the produc-1956) , in which interacting colonies initially fuse only tion of a new stolon tip along the flank of the stolon to later separate, appeared at low frequencies in this being approached. If the two colonies are histocompaticross. We report a series of crosses that establish that ble, the two tips will first adhere, and then fuse, establishthe transitory fusion (TF) phenotype itself behaves as ing functional gastrovascular continuity and a permaa single Mendelian trait linked to the original allorecognent genetic chimera. In contrast, tips of incompatible nition locus. Moreover, we show that this TF phenotype colonies fail to adhere to one another, but instead swell is readily detected in only one of the two conventional with the migration of nematocysts, which discharge to fusion assays. Finally, we use bulked segregant analysis effect tissue damage.
to identify molecular markers linked to the interval and The transmission genetics of allorecognition in Hyreport the use of these markers to construct a genetic dractinia were first addressed in the mid-1950s by von map of an invertebrate histocompatibility complex. Hauenschild, who suggested a single-locus, codominant system (von Hauenschild 1954 (von Hauenschild , 1956 . While the vast majority of his data supported a single-locus model, seg-MATERIALS AND METHODS regation ratios in some cases proved problematic.
Animal cultures, crosses, and fusibility assays: Culture methMokady and Buss (1996) inbred Hydractinia symbiolongiods have been described in detail elsewhere (Blackstone carpus to standardize the genetic background and subseand Buss 1991). Briefly, colonies of H. symbiolongicarpus were grown on glass microscope slides and maintained at 20Њ Ϯ 2Њ in 35-liter aquaria in recirculating artificial seawater (Reef Crystals) with daily 25% water changes. Animals were typically 1 These authors contributed equally to this work. fed to repletion three times a week with 3-to 4-day-old nauplii at room temperature. Larvae were exposed to 53 mm CsCl 4 their metamorphosis within 48 hr (Mü ller 1973). SingleBulked segregant analysis: Molecular markers cosegregating with fusibility were identified by bulked segregant analysis polyp colonies were fed daily, by hand when necessary, with newly hatched A. salina nauplii until they developed 3-5 (Giovannoni et al. 1991; Michelmore et al. 1991) . For a trait known to be controlled in a single chromosomal interval, DNA polyps. Fusibility phenotypes were evaluated using two types of compatibility assays, the polyp and the colony fusibility tests. pools are generated from multiple offspring of a single cross that do and do not display the trait in question. Amplified In the polyp fusibility test (Lange et al. 1992) , polyps from the two contesting colonies were excised, strung onto a human fragment length polymorphism (AFLP) fingerprints are generated for each pool and markers are detected by presence hair, and held with their cut ends opposed with agar blocks. After 2 hr, the agar blocks were removed. Fusibility was assayed in one pool and absence in the other. Genomic DNA was extracted from individual colonies of H. symbiolongicarpus folon the following day. Compatible colonies developed continuous endodermal and ectodermal cell layers and a common lowing the method of Shure et al. (1983) . Two different sets of pools were used to generate markers linked to the allorecoggastric cavity; incompatible polyps, on the other hand, separated. In the colony fusibility test (Mü ller 1964; Ivker 1972) , nition interval. A first set involved the two homozygous classes, i.e., 10 alr-f/f individuals vs. 10 alr-r/r individuals, from the an explant of stolonal mat containing 3-5 polyps from each of the colonies to be tested was placed 0.5 cm from one 431 population (Figure 2 ). The second set involved animals from the backcross population (431-63 ϫ 833-8) in which one another and attached with a string onto a glass slide. Tissue attached to the glass within 24-48 hr and the string was then pool contained 10 homozygotes (alr-f/f ) and the other 10 heterozygotes (alr-f/r). Markers present in one pool and abremoved. Fusibility was assayed when colonies grew into contact with one another. Colonies were observed daily until they sent in the other were subsequently screened on five individuals from each pool to assay repeatability. If repeatable, the contacted and for at least the first 5 days thereafter. When observed to fuse, colonies were typically observed three times offspring of the backcross population were screened for the marker as detailed below. per week for an additional 2 weeks and once a week for an additional 3-4 weeks or until at least one member of the pair Amplified fragment length polymorphisms: AFLPs were performed as previously described (Vos et al. 1995) Buss (1996) in two different genetic the primer core sequence, 5Ј-gactgcgtaccaattc-3Ј and 5Ј-gat gagtcctgagtaa-3Ј, respectively). The preselective amplification backgrounds (Figure 1 ). Breeders for each successive generation were chosen only if they fused within the same line and mix contained 10 mm Tris pH 8.0, 1.5 mm MgCl 2 , 0.2 mm dNTPs, 0.5 units of Taq polymerase, 50 mm KCl, and 30 ng rejected the other line in a polyp fusibility assay. Fusibility within and between individuals of the terminal populations of each primer for a total volume of 20 l. The amplification was carried out at 95Њ for 2 min followed by 20 cycles of 94Њ of both lines is reported elsewhere (Cadavid 2001 ) and conforms to Mendelian expectations. The 33 line is said to be for 30 sec, 56Њ for 30 sec, and 72Њ for 1 min, and a final cycle of 60Њ for 30 min. The amplification product was diluted with homozygous for the f allele (alr-f/-f ) and the 41 line homozygous for the r allele (alr-r/-r).
80 l of TE pH 8.0, and 3 l of it was used as template for the selective amplification reaction. For this reaction, primers with A congenic line (431) was produced to maintain variation at alr within the genetic background of the 33 line ( Figure 2 ). three selective nucleotides were used (ϩ3/ϩ3). The EcoRI primer was 5Ј-end labeled with one of three fluorescent dyes, This line was generated by three successive backcross cycles to the 33 line, starting with the cross of an F 2 animal of the FAM, HEX, or NED (ABI, Columbia, MD). PCR reactions were performed using 5 ng of labeled EcoRI primer and 30 ng of 41 line with an F 7 animal of the 33 line. Donor parents for each backcrossing cycle were chosen to fuse both inbred lines unlabeled MseI primer. The PCR profile consisted of a denaturing cycle of 95Њ for 2 min followed by a cycle of 94Њ for in the polyp assay, i.e., to be a heterozygote (alr-f/-r). Segregation of fusibility in a cross between two heterozygous, third-30 sec, 65Њ for 30 sec, and 72Њ for 1 min. For the next 11 cycles the annealing temperature was decreased by 0.7Њ for each cycle generation colonies from the congenic line, designated as 431 in Figure 2 , are reported elsewhere (Cadavid 2001) and and 24 additional cycles were made using this last annealing temperature. Samples were run on a 377 ABI automated selikewise conformed to Mendelian expectations.
Segregation of fusibility in a large backcross population: quencing machine for 3.5 hr and analyzed using the GeneScan software (Perkin-Elmer, Norwalk, CT). One hundred ninetyAll previous crosses with these inbred and congenic lines (Mokady and Buss 1996; Cadavid 2001) had involved poputwo and 64 different primer combinations (ϩ3/ϩ3 selective nucleotides) were used to screen the 431 population (Figlation sizes of Ͻ100 individuals and hence were unsuitable for either detailed genetic mapping or the detection of closely ure 2) and the large backcross population (431-63 ϫ 833-8), respectively, where each primer combination amplified an linked loci. A large backcross population was generated by crossing a heterozygous alr-f/-r animal of the 431 line (431-average of 40 dominant AFLP loci. Marker isolation, cloning, sequencing, and PCR typing: 63) to an alr-f/-f inbred animal of the 33 line (833-8). All 490 offspring generated in this cross were tested for fusibility Four AFLP markers that cosegregated with fusibility (F29, F18, F28, and R28) were cloned and sequenced. Briefly, 10 l against a homozygous alr-r/-r tester of the 41 line (colony 4117-2) using colony fusion assays. Of these, 127 colonies were of diluted AFLP preselective amplification from each of the selected AFLP markers were used as template for 50-l reacalso tested using the polyp fusion assay.
tions. The reaction contained 30 ng of the corresponding ϩ3/ϩ3 AFLP primers with no fluorescent labeling and was amplified with the same profile used for AFLPs as described above. This reaction amplifies preferentially fragments having EcoRI adaptors at one end and MseI adaptors at the other (Vos et al. 1995) . PCR products were run in a 2.5% NuSieve agarose gel in 0.5ϫ TBE at 6 V/cm. Bands of the appropriate size were picked from the gel and reamplified using the same reaction conditions as that of the original amplification. Products were purified using the Qiaex II gel extraction kit (QIA-GEN, Chatsworth, CA). AFLP markers were cloned into the pGEM vector (Promega) and 10-12 clones/marker were sequenced in both directions using the T7 and SP6 promoter primers in an ABI 377 automated sequencing machine.
Two of the four PCR products that we cloned (F29 and R28) proved to be heterogeneous as they were composed of two classes of DNA sequences. The other two PCR products (F18 and F28) yielded only one class of DNA sequences. Specific PCR primers were designed for each of the different sequences and used to amplify 10 alr-f/f and 10 alr-r/r individuals. Bona fide primers were expected to amplify fragments only in individuals from one homozygous group. From the two pairs of primers derived from each F29 and R28 AFLP marker, only one pair amplified fragments cosegregating with alr, and they were selected for further analysis. Primers derived from F18 and F28 AFLP markers amplified bands that cosegregated absolutely with alr. Primers thus selected had the following sequences: F29, 5Ј-cgccacctctcgcagctacc-3Ј and 5Ј-gtgcattcctt cagattaag-3Ј; F18, 5Ј-aacagacgaaatgggaaatc-3Ј and 5Ј-agcataaaa tacataccacc-3Ј; F28, 5Ј-ctcagtttagcgactttcac-3Ј and 5Ј-gctgactctg ccggttcggt-3Ј; R28, 5Ј-ctcagtttagcgactttcac-3Ј and 5Ј-gctgaatagt ctctgccggt-3Ј. These PCR markers were used to screen the large backcross population (431-63 ϫ 833-8; with marker F18, n ϭ 505 and marker R28, n ϭ 311) and terminal individuals of both inbred lines (33 and 41). In addition to markers screened by PCR, two additional markers (markers R174 and R194) were screened in a sample of the large backcross population (n ϭ 86 and 120, respectively) by AFLP reactions. Genotyping for all markers was repeated at least three times for any animal detected to be recombinant for any marker.
Mapping populations and linkage analysis: Markers identified in the bulked segregant analysis were evaluated for departure from the single-locus Mendelian expectations in the backcross population using a 2 test for goodness of fit. Linkage analysis was performed using MAPMAKER software (Lander et al. 1987) . Linkage between loci was established by two-point analysis using the log-likelihood approach where recombination fractions were estimated by maximum likelihood (Liu 1998) . Loci were considered linked if the LOD score was Ն3.0, which represents a relative likelihood ratio of linkage to nonlinkage of 1000:1 (Ott 1991) . Recombination fractions were converted to map distances using Kosambi's map func- Figure 1 .-Mating program used to generate the 41 and tion (Kosambi 1944) . Locus ordering was done by multi-point 33 inbred lines. The shaded area represents the work of analysis using maximum likelihood (Lander et al. 1987) . RelaMokady and Buss (1996) and the nonshaded area is the tive confidence of map order was evaluated by a likelihoodcontinuation of that inbreeding program in this study. Circles ratio test (Liu 1998 Figures 1 and 2 , respectively. The terminal generation in a single chromosomal interval: The inbred and conof the 33 inbred line, the 41 inbred line, and the congenic line had an expected inbreeding coefficient of genic lines generated in this study are presented in Of the 13 colonies, 10 displayed a transitory fusion phenotype resembling that originally described by von Hauenschild (1954 Hauenschild ( , 1956  Figure 3 ). In these cases, colonies initially adhere to one another upon contact of ectodermal cells. Within 2-4 hr postcontact a common endodermal gastrovascular system was established within which transport of food particles from one colony to the other was observed. In these initial stages the reaction is indistinguishable from a permanent fusion. After 12-24 hr postcontact, a gray band appeared at the point of initial contact, which subsequently spread to form a line spanning the original contact zone. The emergence of the gray line was accompanied by occlusion of the oncefused endodermal canals. Transport between colonies became increasingly disrupted and 12-24 hr after the first appearance of the gray line, colonies separated from one another. From this point on, the fusion phenotype was indistinguishable from a rejection reaction, except at the extreme growing edges of the contact zone, which, upon contact, displayed the same time course and phenomenology described above.
RESULTS

Allorecognition in H. symbiolongicarpus is controlled
The remaining three colonies displayed phenotypes that appeared to involve modifications in the time course and progression of transitory fusion. Specifically, colonies BC129 and BC393 displayed typical fusion for 7-21 days following initial contact, after which a line of occluded gastrovascular canals appeared similar to that observed in TF. However, unlike TF, this line did not demarcate a zone of subsequent separation, but rather the line disappeared over a period of several days and the colonies were thereafter indistinguishable from normal fusions. The final phenotype, displayed by colony BC375, initially fused and, like transitory fusion, eventually separated. The time course of this event differed from TF, with the first appearance of gastrovascular occlusion occurring 3-4 days postcontact and complete in a monofactorial fashion suggested a system of linked loci. We hypothesized that colonies from the large backcross population displaying TF were recombinants be-0.82, 0.80, and 0.82, respectively. A large backcross population was generated from a cross between a terminal tween two linked loci, that is, colonies that share an allele at one of the two loci, but that share no alleles at congenic line heterozygote (f/r, colony 431-63) and an eighth-generation 33 line inbred colony ( f/f, colony the other locus. We therefore designated the original alr locus de-833-8). Fusibility was assayed against an r/r tester (colony 4117-2) using the colony fusibility assay. Of 490 scribed by Mokady and Buss (1996) as alr1 and hypothesized the existence of a second locus alr2. The 33 and colonies, 239 fused and 251 rejected the r/r tester, a result not significantly different from the expected 1:1 41 inbred lines are expected to be homozygous at both loci where alr1 has the previously described alleles f and Mendelian ratio ( 2 ϭ 0.29, P ϭ 0.59). Alternative fusibility phenotypes appear at low frer, while alr2 is given alleles ␣ and ␤. Thus, the 33 line is predicted to have the genotype alr1-f, alr2-␣/alr1-f, quencies: Of the 239 colonies that fused in the colony fusion assay, 226 remained fused for the duration of the alr2-␣, hereafter f␣/f␣; the 41 line is predicted to have the genotype alr1-r, alr2-␤/alr1-r, alr2-␤, hereafter r ␤/r ␤. observation period. The remaining 13 individuals displayed one of three novel fusibility phenotypes. Each Likewise, a colony fusing both inbred lines is predicted to be a double heterozygote with genotype alr1-f, alr2-␣/ of these assays was repeated a minimum of three times. alr1-r, alr2-␤, hereafter f␣/r ␤. If we assume that alleles mating (f␣/f ␤ ϫ f␣/f␣) fused with the f␣/f␣ tester (833-8; n ϭ 13). Fusibility against the r ␤/r ␤ tester (4117-of the second locus exhibit codominance, then colonies that displayed TF against the 33 line and fused with the 2), on the other hand, segregated for rejection and TF in proportions indistinguishable from the 1:1 Mendelian 41 line would be predicted to have the recombinant genotype r ␤/r ␣ (or r ␤/f ␤), whereas colonies that disratio (n ϭ 27, 2 ϭ 0.93, P ϭ 0.34). The second mating was hypothesized to be the reciprocal of the first played TF against the 41 line and fused with the 33 line would be expected to possess the recombinant genotype (r ␤/r ␣ ϫ r ␤/r ␤). All tested offspring fused with the r ␤/r ␤ colony (n ϭ 25) whereas rejection and TF segref␣/f ␤ (or f␣/r␣).
Two types of crosses were performed to test these gated in a 1:1 ratio in tests against the f␣/f␣ tester (n ϭ 24, 2 ϭ 0.17, P ϭ 0.68). These results are consistent predictions. The first mating involved two individuals from the 431 population, one that displayed TF against with a two-locus model wherein colonies fuse if they share one (or more) allele(s) at both fusibility loci, the 41 line and fused with the 33 line (colony 431-85, hypothesized genotype f␣/f ␤) and the other that fused reject if they share no alleles at either locus, and display TF if they share only one allele at either fusibility locus. with the 33 line and rejected the 41 line (colony 431-72, hypothesized genotype f␣/f␣). The second mating Transitory fusion is not detected in the polyp fusion assay: Polyp fusibility was assayed for 127 of the 490 colalso involved two individuals from the 431 population, one that displayed TF against the 33 line and fused with onies tested in the backcross population. In addition, 18 colonies were tested for polyp fusibility in one of the 41 line (431-55, hypothesized genotype r ␤/r␣), and the other that fused with the 41 line and rejected the the crosses segregating for transitory fusion (431-72 ϫ 431-85). In all cases, the results of the polyp fusion and 33 line (431-2, hypothesized genotype r ␤/r ␤).
Results appear in Table 1 . All offspring of the first colony fusion were identical. Colonies displaying TF in the colony assay remained fused in the 24-hr polyp assay fered by an indel of 137 bp at position 103 (data not shown). Primers for marker F28 amplified a 60-bp prod-(n ϭ 8 from the backcross population and n ϭ 9 from the TF cross). Close examination of polyp fusions involvuct identical to that amplified by R28 primers (65-bp product) except for a 5-bp indel at position 5. F28 coseging colonies that displayed TF in colony assays showed the ectoderm of fusion zone between two polyps to be regated with the f␣ haplotype and the 65 bp of R28 cosegregated with the r ␤ haplotype, so these markers granular, rather than the smoothly joined epithelia of a standard polyp assay. This effect, however, was subtle were considered alleles of the same locus. The large backcross population was used to map the aland would not be easily detected in an assay that is scored as the appearance of two separated polyps vs. a single lorecognition complex (ARC)-containing chromosomal interval. In this population, the only segregating parendouble-headed polyp.
Genetic map of the Hydractinia allorecognition comtal haplotype is r␤ as it is derived from an f␣/f␣ ϫ f␣/r ␤ cross. All four markers (R18, R28, 174, and 194) segreplex: Bulked segregant analysis was performed using the 431 population and the large backcross population. Figgated as expected for a dominant Mendelian locus with no significant deviation from a 1:1 ratio of presence to ure 4 shows a typical AFLP marker cosegregating with fusibility. The 431 population yielded four dominant AFLP absence (Table 2) . Multi-point analysis with these four markers and the two fusibility loci produced a map with markers and the backcross pools an additional two markers. In the 431 population, markers F29 (EcoRI-ACC/MseI-ARC at 3.4 cM, such that alr1 is flanked by markers 194 CTA), F18 (EcoRI-AAC/MseI-CAC), and F28 (EcoRI-ACC/ MseI-CAT) cosegregated with the f␣ haplotype and marker comparison of these allelic forms showed that they dif-segregation with the TF phenotype in the offspring of these colonies, as expected (Table 3) . Finally, as predicted, animals from the 33 and 41 inbred lines were found to be homozygous for alleles F18 and R18, respectively. The major histocompatibility complex (MHC) of verand 18 at 0.9 and 2.1 cM, respectively, and alr2 is flanked tebrates was first discovered by study of allorecognition by marker R28 at 0.2 cM (Figure 5) . With the population reactions in congenic lines of mice. Initially described as size surveyed, we are unable to discriminate between single locus (Snell et al. 1976 ), the MHC is now known marker 174 and alr2. The log-likelihood value for this to represent a complex of Ͼ120 genes (MHC Sequencmap was Ϫ185.0 and the next most likely map had a ing Consortium 1999). Colonial invertebrates have been value of Ϫ186.8.
known for almost a century to display histocompatibility A total of 13 animals showed recombination in the reactions, yet no invertebrate histocompatibility complex ARC region. Eleven of these recombinant animals had has been described up to this time. Allorecognition in the a crossing over between alr1 and alr2 and, of these, 10
ascidian Botryllus scholesseri and the hydroid H. symbiolongiwere animals that had previously been detected as the carpus, however, has been reported to exhibit single-locus colonies displaying TF against the r ␤/r ␤ ( 4117-2) the development of lines of the colonial hydroid H. symMarker-based confirmation of classical segregation biolongicarpus are congenic for fusibility and confirm our analysis: Just as the markers provide an independent earlier report that fusibility is controlled by a single chroconfirmation of the association of recombination with mosomal interval in these lines. As was the case for the TF, the markers are expected to confirm the predicted MHC, we here report that the chromosomal interval congenotypes of both the inbred lines and the parents of trolling invertebrate allorecognition is complex. the crosses used to test Mendelian expectations of TF We have mapped a 3.4-cM interval with molecular ( Table 3 ). Recall that the parents of the TF crosses, coloand genetic markers and demonstrated that no less than nies 431-85 and 431-55, displayed TF against the r ␤/r ␤ two distinct allorecognition loci, alr1 and alr2, map within and f␣/f␣ testers, respectively. Marker R18 was present in this interval. Our results suggest a dose-dependent inter-431-85 whereas marker F18 appeared in 431-55, indicataction of these two loci in controlling fusibility. Specifiing that indeed these two colonies had a recombination cally, our results are consistent with permanent fusion ocbetween alr1 and alr2. Marker 18 showed complete cocurring when colonies share one or more alleles at both loci, rejection if colonies share no alleles at either locus, and transitory fusion occurring if colonies share an al- Note that the polyp assay is terminated after 24 hr and TF ϩ ϩ 13 that, in the colony assay using small explants, the transi-ϩ, presence of the marker; Ϫ, absence of the marker.
tory fusion phenotype is typically an event that takes a day to appear and at least another day to complete. It 1997) findings from those presented here may reflect methodological difficulties (see above) or a strong effect would be of interest to maintain polyp fusions for an extended duration and to further characterize the chiof genetic background on fusibility (or both). The fact that allorecognition segregates to a single meric epithelial junctions to determine whether transitory fusion effects can be more readily detected in this interval in our defined genetic lines does not preclude the occurrence of minor histocompatibility loci at other otherwise useful assay. The failure of TF to readily manifest itself in the polyp assay may explain why locations in the genome. Indeed, we emphasize that congenic lines were produced to homogenize the effect of this phenotype was not encountered in either the development of these lines or Mokady and Buss ' (1996) genetic background and hence eliminate the effects of any modifying loci. The vertebrate analogy is again gerwork; both these studies determined fusibility by the polyp fusion assay. A second caution pertains to the mane. Shortly after the discovery of the MHC, mouse geneticists began to identify a number of unlinked modtreatment of transitory fusion in the colony fusion assay. Transitory fusion phenotype will be scored as a fusion ifiers and minor histocompatibility loci (Snell et al. 1976) .
As proved fruitful in mice, crosses between our defined if tests are observed one day after contact, but as a rejection 2-3 days after contact. Studies that employ lines and wild-type colonies may now be used to search for unlinked genes that contribute to allorecognition 7-day observation windows (Grosberg et al. 1996) would be expected to confound TF with rejection at appreciaphenotypes.
Much of the interest in invertebrate allorecognition ble frequencies.
Our finding that allorecognition is controlled by a derives from the suggestion that these molecules may prove homologous to elements in the immune system single chromosomal interval recalls the early work of von Hauenschild (1954 Hauenschild ( , 1956 . von Hauenschild perof higher chordates (Burnet 1971; Buss 1982; Scofield et al. 1982; Buss and Green 1985) . Identification formed F 1 crosses of four different wild-type colonies of H. echinata and a series of F 2 crosses among full and halfof the invertebrate allorecognition determinants and the genes encoding them, however, has proven difficult sibs. He produced a strong argument for single-locus segregation on the basis of a scheme whereby different and the issue remains an open one. Previous attempts to identify them have focused on the search for plausible alleles were assigned different numerical values and the outcome of fusibility reactions was predicted by the sum candidate genes by either structural similarities to their putative vertebrate counterparts or analogy to other of these values. Transitory fusion was interpreted as a phenomenon that appeared when the sums of allelic recognition systems. Such efforts have been fruitless, and in retrospect, the problem seems to demand a stratvalues did not differ by a threshold required for fusion or rejection. While the vast majority of his data were acegy that makes no a priori assumptions as to the identity of the gene product. Positional cloning from linked commodated under this interpretation, the results of some crosses could not be explained. Du Pasquier (1974) markers is such a strategy. With the availability of maps spanning the relevant interval in Hydractinia, the tools reanalyzed von Hauenschild's data and noted that von Hauenschild's results were better explained by a singleare in hand to at last isolate the invertebrate allorecognition determinants. locus system with a simple haplotype effect (as found here). Of particular interest, is Du Pasquier's observa-
